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ABSTRACT

This first quarterly report contains a description

of the work under Contract 1'Obsr-55758 for high KVA trans-
mitting types of zlass capacitors, case sizes 75 through 95,
A critical examination is mide of the existing requirements
for mica capacitors of these sizes, and their interrelation,
The background of previous and current work and the results
obtuined pertinent to this contract is described, including
Corning patents and patent aprlications on the capacitors
and the components., JInformation applicable to this work
which has been obtained under our present Contract
DA36-039-5¢c-15539 for medium power capacitors is reviewed,
and possible further work discussed., ‘Jork finished 50 far
and a schedule for future work is presented in chart form,
and the program for the next reporting interval is briefly

outlined,
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CAPACITORS, HIGH KVA TRal SMITTING TYPES, GLASS DIRLECTRIC

PURPOSE

The purpose of this contract is the development of
design and of manufacturing procedures for trinsmitting types
of capacitors with glass as a dielectric, & sufficient number
(25) of capacitors for test of each of 7 specific ratings will
be made on the straight-run production facilities to be set up
for the capacitors whose design is to be determined, and will be
supplied to the Bureau of Shinrs for evaluation. These represent
the lurgest capacitance rating (10,030 or 100,000 mmfd) in each
of the rive cuse sizes 75 to 95; plus the lowest (100 mmfd) and
an intermediate caracitance (1830 mumfd) in the largest case
size, The cupacitors are srecifically intended as mica re-
placement capacitors, and will, wherever possible, meet or
exceed the reouirements as outlined in the lilitary Specification
JaN-C=-5 already in existence [or mica capacitors, The purpose
and requirements are clearly defined in the Specification,
Ships-C-695, 14 ipril 1952, covering this contract. Portions
of this specification which are pertinent to an understanding
of the aims &nd requirements of this work are reproduced here,
for ready reference., O0f interest also is the concurrent
contract Da36-039-5c-38509 for development of medium power
capacitors. i.uch of the information gained in this research

is directly aprlicable to !'Obsr-57558, and will be reviewed

below.
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SKIPS-C-695
14 april 1952

BUREAU Or SHIPS CONTRACT SPECIFICATION
CaPACITORS, HIGH ¥VA TRANSUITTING TYPES,

GLASS DIELECTRIC

This specification is for use enly with Bureau
of Ships Contract NObsr-57558. (Work Order No. 800-26278),

I, SCCPE

1.1 This specification is to csver, under the
conservation of muterial program, the design &¢nd producticn
techninues of high KVA transmitting types of capacitors using
a glass film in place of mica as the dtprlectric material.

3. RE.UIRzZINTS.

3.1 Reliability.-Reliable performance shall be
maintained under cornditisns of intermittent or continuous
oresation upon expcsure to the adverse conditions normally
encountered in the llaval service as generally specified in
Specification 16LL4. ~nll items or parts entering into the
construction of the capacitor shall be capable of operating
in the temprerature and humidity ranges ac specified in
Specification JaN-C-5,

3.2 aterial.-The selection and applicatinn of
materials shall be governed by the best atandards and practices,
and shall be suitable for Naval applicaticn in electronic
equipment.

3.3 General..-The capacitors shall meet the
electrical and environmental recuirements of 3Svecification Jal-C-5,

except as ctherwise specified herein,
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3.4 The requirements of this specification shall
be considered minimum requiremer.ts, The contractor shall examlne
possible improvements over and above those outlined herein.
approval of the Bureau of 3hips shall be obtained for any devi-
ations from the provisions of this specification.,

3.5 Construction.-The contractor shall develop

design and production techniques for the constructiocn of high
KVa transmitting types cf capacitors utilizing a glass film as
a dielectric material. The glass capacitors shall be equal to,
or better than the high KVi transmitting types (CM70 to Cl95)
as specified in Specification J.N-C-5,

3.6 Jeight and size,-In terms of size and weight,

the capacitors shall be equal to or less than the high KVA
transmitting types, specified in Specification JaN-C-5,

3.7 Tem:reratwre ccefficient of capacitance,-The

temperature coefficlent of caracitance shall be no greater than
140 PPII &nd the temperature cocfficient shall be such as to allow,
as nearly as possitle, a linear change of capacitance with
temperature,

3.8 The contractor shall provide production
facllities for straisht-run production of glass dielectric,
high KVa transmitting types of capacitors,

3,8.1 [he contractor shali furnish from his
straight-rur production facilities twenty-five capacitors for

each of the following ratings:

COorPY
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Peak working Current ratings
Canacitance voltage (amperes)

(uuf) (volts) 3 nc, T me, .3 BC U.L mc.

15,000 15,000 51 75 L7 20

10¢,000 3,000 0 62 i3 39

106,000 2,000 24 51 39 24

100,020 1,500 29 39 36 20

100,000 1,000 18 22 22 18
100 35,000 12 6.2 2.2 0.82
1,700 35,900 33 36 20 7.5

3.1l ‘Jorknanship.-Workmi.nship shall be f.rst class

in every recsrnect,
e ouaFLING, INSYLUCIUICN, ..IKD T.3T PROULDURLS

tel Inspecticn procedures.-~-The jeneral ins ection

procedures shall bte in accordance with jeneral ,peci:ications for
Inspecticn of ..aterial,

«+? Generul,-inspcction «nd tezting of c.pacitors
shall te conducted in accorcduance with Sreciiccation J..N-C-=5,

Le3 Acceptubili<y tests,-The cipacitors shall be

subjected 45 ccmplete and exhaustive tests to zetermine conformance
with the recuiremcnts us specit'ied in this specification,

.21 The ¢ ntruactor sh«ll maintain cemplete
records cf all c. tu toaken curi.g aceceptability tests.

wolo lerformance te-ts,~ihe capacitors shall be

shi>y.ed, at the contruc.or's expanse, to such lecction or
locitions, as the Zurzau o! 5ni-s -.ay specify, for performance
tests to cetermine compliance with tie re-uirerients of this

especific. tion,
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GENERAL FACTUAL DATA

dork on gl..ss capacitors by Corning Glass 'Jorks
during the past several years has shown that the zlass capaci-
tor will probably be aduptable as a high quality capacitor for
general hizh voltage applications. It is expected that high
voltage capuacitors mude with glass «s a dielectric will have
several operational advantages over those using mica or other
dielectrics now commonly used:

1. The cupacitors will have a uniform and pre-

dictable performance, .11 properties which are deter-

¥ mined by the behavior of the dielectric materials will
be the same for every capacitor,
2. Pre-conditioning operations on the capacitor

will not be necessary and changes in its properties with

life, either in storcge or in operation, will be a mini-
mum .

3, It apprears likely thdat the capacitor can be
mude to be of lishter weight &«nd perhaps to occupy’less
volume,

4o The sub-sections of the cavacitors, made of

native nmaterials, will bc¢ adaptable to the techniques
of mass procduction,

These hizgh power types of capacitors are usually
made of sub-sections which are <rranced in series-,arallel
combinations for the reouired canacitance and voltage, For
glass, these sub-sections can be racde as sealed units which

. will be intezral and self-suppertine. It is possible that

such units can be designed so thut a relatively small nunber
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of types can be used for assembly into a large range of finish-
ed capacitors, This will markedly simplify design and manu-
facturing vroblems,

The mica Specification MIL-C-5 (JuN-C-5) to which
the glass capacitors will be made to achere, wherever possible,
lists a set of reruirements in terms of radiofreaquency current
at specified freacuencies for cach size. In order to analyze
these reouirencnts in a systematic manner; and to intercompare
the requirements for differenct sizes, the specified current
has been translated into radiofrecuency voltage ind radie-
frequency power. These recuirements are npresentced as Figures 1
to 10 inclusive for case sizes 75 to 95, If we assume that
the power factor of tne capacitor is independent of the
capacitance and freouency within these ranges, as it should be,
then we would expect that Jor a given rise in temperature of the
case under equilibrium conditions, the reactive power of a
capacitor should also be independent of capacitance and
frequency, This is, of course, subject to a derating at very
low cupacitances so that tioe radiofreauency voltage is kept
below thc limits determined by the geometry of the assembly,
and at high capacitances so that the radiofrecuency current
is kept within limits determined by ~lectrodes and connections,
an examination of Fismurces 1 to 10 shows thut the recuirements
as set up for mica capacitors are cependent not only on
capacituance, but on {requency, and differently for different
case sizes, The curves show that in general the radiofrequency
power is grcater at the lowcer of the specified 4 freocuencies,
and is usually grestest at 0,3 megacycles, especially through

the micdle ranges of capacitance,
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1. In Fivure 11 we have compared the general shape of
the F voltage curves .t 0,3 mezacycles for the 5 listed sizes
- CM75 through Cli95, and Figure 12 the generul shape of the
reactive power curves at this frecuency, It should be noted

thit these curves are highly idealized, the actual svecified

L values are much more irregular., Table I shows the capacitance
at which maximum power is dissinrated (assuming a uniforn power
factor) for c:uch cuse size, and this is compared to the surface
arca of the case. This letter ritio chould be a measure of
the temnerature rise of the swiloce »f the caracitor, under
eauilibrium conditions., 1t can bc scen that part of the results
of tnis contract may well become a more sclf-consistent and
realistic s.t of requirem¢ nts for radiofrecuency eperation for
these sizes of carnucitors,
Tuble I
feactive Poer of Trunsmitting Capuacitors
Case Jaximum caracitance ireacuency Surrface Power per
Size ieactive rower at .daximum .rea Unit arpee
(volt ampres) (r.o.£fd) (macacycles)(3q.In. ) {KVa/in<)
75 1500 1300 0.3 33.3  WAW75
* £0 22200 24020 0.3 57.0 «390
35 37309 5600 0.3 102, «370
! 30 >3 2230 Vel 142, . 420
; 5 122500 56:00 0.3 2%, L35
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Fersonnel
The following meribers of the Laboratory have spent
the designated amount of time on this contract during this re-

porting period:

Sprague, L. G., Research llectrical Lngineer 68 hours

Carlton, ! rs, K., Research assistant 91 hours

“nzler, tiss B,, Junior Research assistant 28 hours

Uncanner, lirs., L., Junior :esearch .ssistant 16 hours

Snuith, 3. P., Senior eseurch associate 4J hours
Fatents

The following jate.ts, issued or pending, are
considered to be directly aprlicable to this work:
Fatent i.o. 2,405,529 Bs Pe Suith Ausust 6, 1946
Patent !'o. 2,422,466 D. i, 3rown June 17,1947

Fatent No, 2,431,980 [, I, armistead December 2, 1947
Patent No. 2,526,703 3. P. Snith October 24, 1950
Fatent llo. 2,520,704 v Uie) DULE October 24, 1950
application No., 205,323 3., F. Snith filed January 19, 1951
This apolicatio: ccvers the use of cover 3l ss,
properly shaped for cuaracitor ccver,
arplication No. 227,950 3. P. 3mith s'iled llay 2.4, 1951
This application covers the use of an
auxiliary water-revellent neterial to
prevent penetration of roisture into

the cuapacitors,
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1, Case and mounting of transmitting capacitors,

A very important advantage which a glass capacitor
has is that the dielectrics and electrodes are intimately
sealed together. It is obvious that capacitors fail because
the localized dielectric stress, usually near the edges of

the electrodes, becones excessive for the dielectric., Homo-

geneous d electrics such ag glass follow the well-known souare

root law for toe derendence of dielectric stxensth on thickness.
1t has been found possible to assemble and seal glass capacitors
for high voitages which consist of n lavers of thin dielectric
with interpoluted uniformly spaced eaquipotential bl“tcs, rather
than one layer n times as thick. Tnese equipotential plates
force the field to remain much more nearly normal to the plates,

and reduce the zsradients within the dielectric so that the

- g B i o s L s o gl S

failure voltage is very nearly linear with total thickne=s., The

ST

behavior is much i1ike that of the usual construction of n
cavacitors in scries, [Ffor voltages such that several lavers
of a given thickness are necess.ry, this ereatly reduces the
recuired total thickness of dielectric, and therefore the
size of the capacitor for a given ratinge.

This kind of construction was devcloped for capaci-
tors of size designation 55 by Corninz Glass .Jorks during
1944-1947, and several thousand of them were supvlied on order

to the flavy uepertment, 3urcau of ships. 3Joue work has also

becen donc on the deveiopment of sizes 65 and 70 using this

RSN . AN RS ST O L e pe— TR TR A o P RN T R et R
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technique, Figure 13 shows the comnmarison of the glass

cavacitors made in t:is ranner w:th the mica capacitors
g they will replace. They arc seen to be physically inter-
changeable with the bakelite-housed cavacitor. ‘vithout

this requirement further cconomies in size anc weight miczht

become possible, a4 few experinmental caracitors ..ave been

made in the gencral form of the cylindrical canacitors covered
by the present contruact, by usinz glass capacitor components
containing a larzer nusber of eruipotential electrocdes between
the active conduc.ors. fizure 1., shows a sketch of such an
assembly, compr:red to thc conventional capacitor housed in a
ceramic cylinder, .gain physical interchangeability has

been maintained, but it is secn that the weizht hias been

mi:rkedly reduced, and bzcause of tae much more efficient

cooling of the capacitor prenper, the vower might well e

R il Ll

increased, Jiure 15 displays a commarison between the rate

and amount o:r temoerature rise of a standard mica CHM80

copacitor ard a glass cadacitor nade as sketched in Figure
14, Tuc over-all heicht o the glass capacitor was 2-3/%-;
of .the-mica cupucitor, 3%, lemperaturc was neasured by a
thermocouple dttacned cirecctly to the surface, an inportant
advantage of tnis construction is scen to be the ratce at
which equilibrium is reaciied. L1f the i:ngth of the zlass
capacitors had been increcascd so thiat an over-all hei tht of
3" had been reguired, the ccuilibrium tempderature would

have beenh correspondingly reduced.

L e e R T e &
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2. Electrical design of capacitor components.

}Yuch of the work on electrical design so far
completed on Contract Di36-)39-s5¢-15509 cited above is
directly applicable to this work, and reference is made
to the first three ‘Juarterly Reports of the work under
that contract for a complete discussion of the results
obtained. They will be briefly summarized in this and
the following section,

Life tests at 85°C with both DC and 60 cycle aC
volt uges have snown that capacitors with glass dielectric
may be safely operated at relatively hich voltages. a
convenient thickness of zlass dielectric is ,0027"; capaci-
tors of relatively high capacitance have survived life tests
for more than 5000 hours at 1875 volts DC, or 875 volts aC,
at 850-95°C, with no failures. These therefore may not be
the uprer limits of voltage rating for this thickness of
dielectric. Thinner dielectrics (.JJ18" and .0013"%) have
given results during the course of life testing under the
above contract which are poorer than expvected and are not
vet entirely explained, and dielectric and strength tests

are continuing. Some work is now bein- done on the replace-
inent of the aluninum foil electrocdes h»y metallized or
evaporated coatings, to reduce the nechanical stress
introduced by the zluss-to-netal seal between the di-
electric layrers and the foils of different thermal expunsion
coefficients.

A sood operatinz criterion of a capacitor or a

Capacitor component is the l.west vnltage uat which corona

occurs, lthis is even rmore slowly dependent on the thickness

= S S—
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of the dielectric than the hreakdown voltage. DMeasurements
durinz the course of the citec co:tract iave shown that the

onset of corona is at about 4LOJU volts for capacitors made

with .0027% thick glass, both at 60 cycles and radiofreouencies,
Thus the zlass capacitor can operate at voltages far in excess

of its corona voltaze without serious effect on its life, i
search has been nade for « cuick and reliable electrical method
of determining the onset of corona, Observation cf this as noise
by a pickup coil or plate near the capacitor under test is a
promising method, but has not vet been riade trouble-frze,.

The corona discharge occurs first at small bubbles
or voids between the lavers of the high dielectric constant
gla,s dielectric at the edges of the relatively thick (,J0017%)
foils. Other sases or vapors night be purposely introduced
into the capacitor to reduce the corcna current or inhibit
the corona discharge. ..ttempts to do tnis vith 302 gave
negative resuits. Experiments to introduce a glass which
is much softer than the code 8871 dielectric glass, so that
it would flow around the edzes of the foils during the sealing
process anc {ill this space huve 50 far been fruitless in most
instances, although un occasional saemple has shown a much higher

voltage thun the others. This work is also beinz continued.

3. Construction of terminals of capacitors,

Besides the usual requirements placed on the
materials for capacitor terminals bv the electrical and
envigonmental conditions under which the cavacitor will orerate,

there is an acdiitional severe one imposed by the fact that they

T S T T TR RO T T s e m— T

o e S P,
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aust be attached to the slass., The type of terminals shown
in Fisure 13 are soldered to thin strivs of silver sealed
to the glass surface. . satisfactory redesign of this has
been evolved with the terminal embedded in the mass of the
glass and held there mechanically but prevented from seal-
ing to tne ylass by a overwrappingz of thin netal. These
metals are aluminum; the exposed part of the terminal has
been cased witn a solderable metal, or supersonically
tinned., This terminal which is relatively simple but

mechanically rugged, should be adaptable to capacitors as

described in Fimure 14 above,
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CORNING GLASS WORKS

PROGJECT P:RFCRMANCE and SCHELDULE

Contract NObsr-57558

april, 1953

3 A

S 1953 : 1954
PP AMJIJIASONDIJF MAMNMI
l. Background, other related GEX&EZS -
research, use of existing
information
2. C srponent (stack) design
vesign & development | PP
Dielectric strength testELSLLT o U —
(Corona voltage tests | IBAFARNO004 -]
Radiofrequency tests (107300 A |
Life tes=ts [S00XNRANES e
!
3 Capacitor design '
Desigsn & development VRATOO el Searen)
iJielectric strength test | S e ST FRRREY
iadiofrequency tests (  —|
Vicration tests C 3
lfoisture tests C e
Life tests == T: e )
L. hadiofrequency osciilator®
sesign ==
Cbtain muaterial & build r==or—)
Test —43
5. Life test equiprents*
Design -
Ubtain material % build T
Test = -
O, Production facilities .
Layout [
Ubtain % build ecuipment —1
conpliete fucilities T
7. Production of cupacitors
ocmponent s e
capacitors s 1)
Performance tests S
Jelivery -]
2, Other engineering
Final report -
{ticrofilnm )
Patent disclosures ——

*Necessary for performance tests, but to be supplied by Corning Nlass

Jorks.
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PROGRAM FOR NIXT INT .aV.Ll

The program of work to be completed for the
next reporting interval is diasrammaticaily laid out in

the foregoing schedule, Figure 1o, lost of it will be

a continuation of work already started, and will be
directly aimed at determining the optimum electrical and

mechanical design of the intesjral sealed capacitor stacks,

S W St A AT 1

for hizh voltame cavacitors. The usual tests to evaluate

the performance of tnese stucks will be continued and

TR

amplified, Parallel to this, and with it constantly in

2w

mind, will be the design of the completed capacitor,

=

terninals, and housing if necessary. « radiofreocuency
oscillator, wnich is now being built by corning for
measurenents on tue comdleted capacitors, wilil e finished
and tested, Life test equipment, al.o to be supplied by
Corning, will be cdesigned, constructed, and placed in
operation, i.uch of this work will be closely related

to, but will be in addition to, work on the medium power

capacitors, sizes 55 throuzh 70,

N T e e
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RaDIOFnE UZNCY O5CILLATOR

The most critical measure of the performance
of these capacitors is their temperature rise, i, €.,
power factor, at rated radiofreouency current., For such
measurencnts a radiofrequency oscillator has been de-
sizned and is being built by Corning Glass Jorks., It is
believed to be of general interest, and for reference
the circuit ciagrams follow,

The RF amplificr, which is a pair of triodes

operating in pusk-pull Class C, is ewcited by a crystal-

controlled criver-amplifier stuge for frequency stability,

n maximum plate voltaze of 4,5 i'V will be available from
the variac-controlled full wave povaer supply, which will
be sufficient for raaiofrecucncy rmeasurements at maximum

reactive power (122XVa) for the larzest case size,

b

B
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SAID DRAWINGS, SPECIFICATIONS, OR OTHER DATA IS NOT TO BE REGARDED BY
IMPLICATION OR OTHERWISE AS IN ANY MANNER LICENSING THE HOLDER OR ANY OTHER
PERSON OR CORPORATION, OR CONVEYING ANY RIGHTS OR PERMISSION TO MANUFACTURE,
USE OR SELL ANY PATENTED INVENTION THAT MAY IN ANY WAY BE RELATED THERETO.
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